The effect of blood pressure (BP) on kidney function is long term, so a single BP measurement might not be sufficient for reflecting the BP load experienced by the patient over a prolonged period. The change in BP over time should be considered. BP trajectory shows similar trends as BP. Compared with single BP monitoring and 24 h ambulatory BP monitoring, long-term BP trajectory is helpful in assessing its long-term cumulative effects. [4] [5] [6] BP trajectory has been associated with atherosclerosis and stroke. In addition, BP trajectory yielded better cardiovascular risk predictions than BP monitoring alone. [7, 8] However, little research has been conducted on the correlation between long-term BP trajectory and kidney damage in diabetic populations. This study investigated the effect of long-term systolic BP (SBP) trajectory on kidney damage in the diabetic population, based on the large data analysis of the China Kailuan prospective cohort study.
mEthods

Ethical approval
This study was in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the General Hospital of Kailuan.
Study population
This prospective study involving an 8-year follow-up was conducted in a northern Chinese community. The China Kailuan study (registration number: CHiCTR-TNC-11001489) was a community-based longitudinal cohort study evaluating cardiovascular disease risk factors based on a functional community population located in Tangshan city, China. This study evaluated the comprehensive assessment of cardiovascular risk factors including BP, blood sugar, serum creatinine, and urine protein every 2 years from 2006 to 2014.
In total, 101,510 employees participated in examination in 2006, and 9489 cases were diagnosed with diabetes. Wherein 29 cases did not have estimated glomerular filtration rate (eGFR) data, 479 cases lost urinary protein data, 1761 cases eGFR <60 ml·min , and 641 cases of urinary protein were positive, 6579 cases were included in the study cohort. After the removal of 746 cases that participated in examination less than twice, 1196 cases that did not participate in examination in 2012 and 2014 (594 deaths), 51 cases lost eGFR data, and 30 cases lost urinary protein data, even though they participated in examinations in 2012 and 2014; therefore, 4556 cases remained in the final statistical analysis. A flowchart of the participants included in the current analysis is attached in Figure 1 .
Inclusion and exclusion criteria
Patients were included in the study if they fulfilled the following inclusion criteria: (1) fasting blood glucose (FBG) 
Data collecting
Epidemiological survey content, anthropometric indicators, and biochemical tests could be found in published literature by our research group. [9] Participants were forbidden to smoke and drink tea or coffee 30 min before measuring BP and were required to relax for 15 min. The brachial artery BP was measured on the right using a corrected desktop mercury sphygmomanometer for the first four examinations and was measured using a medical electronic sphygmomanometer arm on the 5 th visit.
The measurement continued three times and was performed once every 1-2 min, and the mean was used for calculations.
Blood testing
In the morning after 8 h of fasting, the participants donated 5 ml of venous blood. The blood sample was stored in a vacuum and centrifuged at 3000 ×g for 10 min at room temperature below 24°C. We collected the upper serum in 4 h for testing.
Determination of serum creatinine was used by the bitter almond acid method in 2006 and colorimetry was used after 2006 by professional laboratory technicians. Urine protein was measured by the immunoturbidimetric method and operated strictly according to reagent instructions.
Definitions
1. Diabetes [10] was defined as FBG ≥7.0 mmol/L or FBG <7.0 mmol/L with exact history of diabetes or using antidiabetic medications in the meantime. 2. eGFR calculation [11] was defined as eGFR calculated by the CKD-EPI method. For females: if serum creatinine ≤0.7 mg/dl (1 mg/dl = 88.4 μmol/L), e G F R = 1 4 4 × ( s e r u m c r e a t i n i n e / 0 . 7 ) In the current study, kidney damage was evaluated by the status of e G F R a n d p r o t e i n u r i a . P a r t i c i p a n t s w i t h eGFR <60 ml·min Statistical method SPSS 13 .0 statistical software (SPSS Inc., Chicago, IL, USA) was used for analysis. For the characteristics of BP data, the trajectory model was completed by the CNORM (the censored normal model) mode of the SAS 9.3 (SAS Institute Inc., Cary, NC, USA) [14] [15] [16] which can set the minimum and maximum values to eliminate possible bias. Bayesian Information Criterion and the average probability (AvePP) after grouping were used to select the best trajectory model and assess the degree of fit of the trajectory. To determine the number of groups, the required proportion of each group was <5%. As generally believed, a higher degree of fit was indicated when AvePP values were >0.7. [17] [18] [19] The AvePP values in the trajectories of this study were >0.8, indicating that the selected trajectory model was of good fit. There were five trajectory groups determined by 4, 4, 4, 4, and 4 as the polynomial order.
The SBP slope of each observed participant was calculated using the SAS PROC REG program. The continuity variables were expressed as a mean ± standard deviation, and single-factor analysis of variance was used to compare the two groups. 
Basic characteristics of blood pressure trajectory
Five SBP trajectory groups were determined according to SBP range and the changing pattern over time [ Figure 2 ].
• Low-stable group: SBP maintained steady growth in the low level (SBP: 118-124 mmHg, n = 864, 19.0%).
• Moderate-stable group: SBP maintained steady growth in the moderate level (SBP: 132-140 mmHg, n = 1980, 43.4%).
• Moderate increasing group: SBP grew rapidly to a high level from the moderate level (SBP: 139-164 mmHg, n = 609, 13.4%).
• Elevated decreasing group: SBP decreased rapidly to moderate level from high level (SBP: 157-145 mmHg, n = 679, 14.9%).
• Elevated stable group: SBP maintained steady growth in elevated level (SBP: 159-172 mmHg, n = 424, 9.3%).
Trend of blood pressure trajectory
This study yielded the following results in 8 years of follow-up. Most of the population was in the low-stable group (19.0%) and moderate-stable group (43.4%). In the other three groups (37.6%), the SBP values were above 140 mmHg during the follow-up period and also reflected the relatively high prevalence of hypertension in the diabetic population.
With the rising of SBP trajectory, SBP, diastolic BP, TC, BMI, FBG, HDL-C, and LDL-C showed an upward trend, whereas eGFR showed a downward trend in the same manner. The percent differences in age, drinking, exercise, antihypertensive medications, and high cholesterol of the different groups were statistically significant.
Detection rate of kidney damage
The detection rate of kidney damage in the different trajectory groups is shown in Table 2 .
The detection rate of kidney damage in the low-stable group was the lowest among the five groups. An increase of SBP trajectory led to a gradual increase in the detection rate of kidney damage.
The detection rate of each kidney damage index of the elevated stable group, compared to that in the low-stable group, which included eGFR <60 ml·min The detection rate of kidney damage index in the elevated decreasing group was higher than that in the moderate increasing group, except for positive urinary protein result. The kidney damage index between the two groups has not yet reached statistical significance. This may be due to the small difference in the level of exposure between the two groups.
After adjusting the SBP (2006), BMI, eGFR, FBG, smoking, alcohol consumption, physical activity, and high blood lipids, the results showed that compared with the low-stable group, the odds ratios (95% confidence intervals) of eGFR <60 ml·min , and/or urinary protein positive and eGFR decreased by ≥30% of the elevated stable group were 2.01 (0.90-4.50), 2.39 (1.25-4.56), 1.86 (1.08-3.19), and 2.20 (1.03-4.71), separately. As compared with that, in the low-stable group, the risk of kidney damage also increased in the other four groups [ Table S1 ].
Sensitivity analyses
After eliminating the population who took antihypertensive medications, the result of re-statistical analysis showed that the overall trend of the influence of elevated SBP trajectory on kidney damage did not change [ Table S2 ]. This indicated that an elevated stable SBP trajectory was a risk factor for kidney damage.
dIscussIon
This study is a prospective study involving 4556 diabetic participants during an 8-year follow-up in a northern Chinese community. This study investigated the effect of BP trajectory on kidney function in the diabetic population. The trajectory model can evaluate the BP changes over a long period of time. Its advantages are repeated measurements of BP data, grouping people with similar trends and changes in the trajectory of the BP, and the analysis of kidney damage in the different groups.
Previous studies have confirmed that there are three basic BP trajectories for adults. The first is stable BP trajectory, which indicates that BP steadily grows during follow-up. The second is increasing BP trajectory, which means that BP increases rapidly during the follow-up. The third is decreasing BP trajectory, which means that BP decreases rapidly during the follow-up. [20, 21] This study advanced the BP trajectory by dividing it into the low-stable group, moderate-stable group, and elevated stable group. In total, five distinct SBP trajectories named as the low-stable group, moderate-stable group, elevated stable group, moderate increasing group, and elevated decreasing group were established in this study, which supplemented and improved the BP trajectories model.
Previous studies have shown a relatively high prevalence of hypertension in the diabetic population. [22, 23] The result of this study showed that kidney damage in the diabetic population increased with an increasing SBP trajectory. An elevated stable SBP trajectory was an independent risk factor for kidney damage. Possible mechanisms for this result are as follows: (1) long-term hyperglycemia in the diabetic population led to atherosclerotic changes and fibrous sclerosis, which caused chronic kidney damage as a result; [24] (2) continual SBP trajectory increases lead to glomerular and microvascular wall thickening and hardening and luminal stenosis, which caused a decrease in kidney blood flow and showed a decrease in eGFR; [25] (3) the above two factors together accelerated the process of vascular atherosclerosis, leading to the destruction of vascular endothelial cells and smooth muscle cells, which then caused kidney damage; (4) elevated BP changed the function of the glomerular basement membrane; [26] (5) the vicious cycle of kidney function destruction leads to a BP increase and caused kidney parenchymal necrosis and even kidney failure. [25] In this study, BP trajectory decreased in the elevated decreasing group. This is the comprehensive effect of antihypertensive medications, diet, genetics, and other factors. Compared with the elevated stable group, the risk of new-onset kidney damage decreased in the other four groups. However, examination of the moderate increasing group and elevated decreasing group showed that decreasing SBP trajectory would not completely reverse the effect of early persistent hypertension on kidney damage. Previous studies have shown that early elevated BP levels were critical to target organ effects, and target organ damage was difficult to reverse. [27] [28] [29] In this study, it is important to note that the elevated decreasing group of SBP values still presents a relatively high value (157-145 mmHg). This group's BP values did not reach the recommended guidelines standard, which is 130/80 mmHg in China, Japan, and Canada, whereas 140/90 mmHg in the USA and UK and 140/85 mmHg in Europe. [30] [31] [32] In combination with this study, we found that the low-stable group (SBP: 118-124 mmHg) and moderate-stable group (SBP: 132-140 mmHg) diabetes patients had less influence on kidney function compared to those in the elevated stable group and the moderate increasing group. In addition, although the BP values in the moderate and low-stable groups were lower than 140 mmHg, kidney damage in the low-stable group was significantly lower than that in the moderate-stable group. This suggests that long-term diabetic kidney function protection should be controlled with lower BP. A more stringent BP control strategy when SBP of the diabetic population reaches 120 mmHg instead of other higher levels may be more beneficial.
Although there was predictive value for kidney damage in the individual analysis of baseline SBP (2006) and SBP slope, the predictive value disappeared after combining these two and the trajectory model. While the predictive value of the SBP trajectory still existed, this result indicated that the predictive value of SBP trajectory for kidney damage was superior to baseline SBP and SBP slope [ Table S1 ; Table  S3 ]. The long-term SBP trajectories provide more insight into the evolving risk. This study extended the results of previous studies, as these cardiovascular disease predictors were superior to single BP measurements.
These results indicated that kidney damage progression can be slowed by controlling hypertension and regular follow-up.
Monitoring and controlling trajectories of SBP may provide an important approach to identify diabetic patients and help to prevent kidney damage. Basic essential technologies available, such as wearable BP monitoring technology and rehabilitation services, play a fundamental role across the continuum of care for people with diabetes that helps to prevent complications and provides interventions to maintain healthier lives.
Advantages and significance of this study
This trajectory model was used to analyze the effects of SBP on kidney damage during an 8-year follow-up in the diabetic population. We identified five distinct SBP trajectories according to SBP ranges and changing patterns over time and found that an elevated SBP trajectory was significantly associated with the risks of long-term kidney damage in diabetic patients.
Limitations in this study
First, one limitation is that we only included Chinese adults living in the Kailuan community. The trajectories identified in these participants may not be generalizable to other populations. Second, half of the diabetic patients were excluded because of deaths and incomplete data, which may lead to offset results. The rates of cardiovascular events and all-cause mortality of the noninclusion group were higher than the included group, and the difference showed statistical significance [ Table S4 ]. This may underestimate the impact of different BP trajectories on kidney damage in the diabetes population. Third, there may be laboratory bias in SBP data used in this study because BP was determined by mercury sphygmomanometer in 2006-2012, and a medical electronic sphygmomanometer arm in 2014. Future research needs to be conducted to determine the outcome of the BP trajectories, and data from large well-designed randomized controlled trials are needed to further confirm the BP management strategies for the diabetic population.
In conclusion, this study observed different BP trajectories in the diabetic population of Kailuan study participants, and the trajectories were associated with future kidney damage. An elevated SBP trajectory is an independent risk factor for kidney damage. As the BP trajectory decreased, the risk of new-onset kidney damage decreased. A low-stable SBP trajectory, when SBP is 120 mmHg, might be more beneficial in the diabetic population. Monitoring trajectories of BP may provide an important approach to identify diabetic populations and help to prevent kidney damage.
Supplementary information is linked to the online version of the paper on the Chinese Medical Journal website.
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